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Methylation-driven tumor scoring from cfDNA using the
Watchmaker DNA Library Prep Kit with TAPS+ on the

Element AVITI™

Highlights
The Watchmaker DNA Library Prep Kit with TAPS+ on the
Element AVITI™ delivers high-quality cfDNA methylation

profiles with >95% mapping efficiency across multiple
cancer indications.

Methylation-driven tumor scores computed by Aima's
Al model show strong concordance with long-read
sequencing, validating cross-platform performance for
liquid biopsy applications.

Introduction

Cell-free DNA (cfDNA) methylation profiling has emerged as
a powerful approach for research to support non-invasive
cancer assessment and monitoring. Cancer-specific methylation
patterns carried by circulating tumor DNA (ctDNA) reflect the
proportion of tumor-derived molecules within the total cfDNA pool
and can be exploited to compute a methylation-driven tumor
score that increases proportionally with ctDNA abundance.
As the ctDNA fraction increases, the score rises accordingly,
enabling longitudinal surveillance of tumor burden over time and
supporting patient monitoring during treatment and follow-up.

The Watchmaker DNA Library Prep Kit with TAPS+ is a
positive-readout methylation sequencing chemistry that converts
methylated cytosines (5mC and 5hmC) to thymines while
preserving unmethylated cytosines, enabling simultaneous
detection of 5mC, 5hmC, SNVs/Indels, and CNVs from a
single library.

In this application note, we demonstrate the use of this kit

in combination with the Element Biosciences AVITI short-
read sequencer and the nf-core/methylseq bioinformatics
pipeline (hg38) on 16 plasma cfDNA samples spanning
multiple cancer indications. Tumor scores computed using
Aima’s Al-based ctDNA detection model show strong
concordance with those obtained from ONT-native methylation

long-read sequencing, which relies on direct methylation
detection without bisulfite conversion and was used here as
the reference comparator.

Experimental design

Sample cohort

A total of 16 anonymized cfDNA plasma samples were
processed in this study (Samples 1-16), encompassing three
cancer tissue types and a healthy donor control group:

- Breast tumor: 1 sample (Sample 1)

- Colon tumor: 8 samples (Samples 2-9)

« Lung tumor: 3 samples (Samples 10-12)

- Healthy donors: 4 samples (Samples 13-16)

Each sample was sequenced using both the Watchmaker/
AVITI TAPS+ workflow (short-read) and ONT (long-read), with
ONT providing an independent methylation-driven tumor
score computed by Aima’s Al model, used as reference for
comparison.

Sequencing platforms

ONT long-read sequencing was performed using four
PromethlON flow cells. Short-read methylation sequencing
was performed using the Watchmaker DNA Library Prep

Kit with TAPS+ on one AVITI flow cell (AVITI 2x1560 Sequencing
Kit Cloudbreak Medium Output).

Workflow overview

cfDNA was extracted from plasma samples and libraries were
prepared according to the Watchmaker DNA Library Prep Kit
with TAPS+ protocol (WM113). The TAPS+ chemistry delivers
>98% bmC/5hmC conversion while preserving native base
complexity, enabling simultaneous methylation profiling and
genomic variant detection from a single library prepared

in under 6 hours. Raw reads were quality-filtered, adapter-
trimmed, and aligned to hg38 using the nf-core/methylseq
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pipeline. A base quality filter (BQ40) was then applied to retain
only high-confidence methylation calls, ensuring that only
CpG sites covered by reads with a base quality score > 40
contribute to the methylation profiles used for scoring. Genome-
wide CpG methylation profiles were used as input for Aima’s
Al-based tumor scoring model. The same 16 samples were
independently sequenced on the ONT platform to generate
reference tumor scoring values.

Sequencing quality metrics

Table 1T summarizes the per-sample sequencing statistics
generated by the Watchmaker TAPS+ kit on the AVITI, including
total reads, mapped reads, sequencing depth, and genomic
coverage.

Cancer

Sample g;ssue :—:;?:ils :\g:\zzed er)pth S:\?e?;ngee
origin (M) (M) (%)

Sample 1 Breast 214 212 717 9254
Sample 2 Colon 93 92 3.09 84.94
Sample 3  Colon 87 86 291 84.21
Sample 4  Colon 91 90 3.02 8277
Sample 5 Colon 98 98 3.26 84.44
Sample 6  Colon 95 94 319 85.23
Sample 7 Colon 145 143 4.83 90.20
Sample 8  Colon 280 278 9.20 92.95
Sample 9  Colon 93 92 312 85.93
Sample 10 Lung 89 89 299 8456
Sample 11 Lung 80 78 2,62 67.34
Sample 12 Lung 323 320 10.71 9291
Sample 13  Healthy 94 93 313 83.87
Sample 14  Healthy 87 86 2.89 8144
Sample 15  Healthy 90 89 298 83.25
Sample 16 Healthy 90 90 302 8373

Table 1. Per-sample sequencing metrics generated by the
Watchmaker TAPS+ workflow on the AVITI. Read counts are expressed
in millions (M). All 16 samples achieved >95% mapping efficiency.

Results

Sequencing depth and genome coverage

All 16 samples achieved successful sequencing on the AVITI
system. Figure 1 presents per-sample sequencing depth (X)
and genome coverage (%) by indication. Sample 1 (Breast)
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and Sample 12 (Lung) displayed the highest depth, consistent
with elevated cfDNA input. One lung sample (Sample 11)
showed reduced coverage (67.3%), likely reflecting lower cfDNA
mass. The TAPS+ non-damaging workflow preserved cfDNA
fragment integrity, delivering robust CpG island coverage
across all indications.

Sequencing Depth and Genome Coverage per Sample

Sequencing Depth
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Figure 1. Per-sample sequencing depth (left) and genome coverage
(right) colored by clinical indication (Breast, Colon, Lung, Healthy). Each
dot represents one sample.

Read generation and mapping efficiency

Figure 2 presents total reads generated versus mapped
reads per sample. Mapping efficiency exceeded 95% for
14 of 16 samples. The TAPS+ positive-readout chemistry
preserves native sequence diversity (four-base complexity),
directly contributing to the high alignment rates observed,
an advantage over bisulfite-based methods which reduce
genomic complexity and increase multi-mapping artifacts.
Samples 8 (Colon) and 12 (Lung) produced the highest
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Figure 2. Total reads generated (light bars) versus mapped reads (solid bars) per sample, colored by indication. High mapping

efficiency (>95%) is observed across the cohort.

outputs, with 280 M reads (278 M mapped) and 323 M reads
(320 M mapped, 10.71x depth, 92.91% coverage), respectively,
confirming robust performance for high-ctDNA-content
samples. Two other lung samples (Samples 10-11) showed lower
but sufficient yields.

Methylation-driven tumor score
concordance: ONT vs. Watchmaker/
AVITI TAPS+

Figure 3 displays the correlation between tumor scores derived
from the Watchmaker and AVITI TAPS+ pipeline and the
ONT reference values. Tumor scores, computed using Aima’s
Al-based ctDNA detection model, show strong concordance
across the full dynamic range of the assay. Samples with high
tumor signal (Sample 1, Breast; Sample 5, Colon; Sample 12,
Lung) are consistently identified by both platforms, validating
the quantitative performance of the TAPS+ workflow associated
with the AVITI platform. Healthy donor samples (Samples 13-16)
consistently score near zero on both platforms, confirming
the specificity of Aima’s Al model for tumor-derived
methylation signal.

CpG methylation visualization: ONT vs.
Watchmaker/AVITI TAPS+

To confirm that the Watchmaker TAPS+ workflow faithfully
captures CpG methylation patterns at individual genomic
loci, methylation calls from both the ONT and Watchmaker/
AVITI sequencing runs were visualized side-by-side in the
Integrative Genomics Viewer (IGV).

Methylation-Driven Tumour Score: ONT vs. Watchmaker/Element
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Figure 3. Scatter plot of methylation-driven tumor scores computed

by Aima’s Al model from ONT (x-axis) vs. Watchmaker/AVITI TAPS+
sequencing data (y-axis). The score increases with ctDNA proportion

in the cfDNA. Each point represents one sample, colored by clinical
indication. The dashed diagonal represents perfect concordance (y = x).

Figure 4 shows a representative genomic region (chr4:189,881,270
-189,881,475) in which both technologies produce concordant
methylation call patterns. Each colored base represents the
methylation status of a cytosine at a CpG site: the consistent
patterning across both tracks confirms that Aima’s Al model
receives equivalent methylation information regardless of the
sequencing technology used to generate the input data,
further validating the cross-platform robustness of the
methylation-driven tumor score.
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Figure 4. Visualization of CpG methylation calls at a representative genomic region (chr4:189,881,270-189,881,475) using the Integrative Genomics
Viewer (IGV) in bisulfite mode (CG option). The two tracks compare methylation calls obtained by ONT (upper track) and Watchmaker TAPS/AVITI
(lower track). ONT methylation detection was performed directly on native DNA without bisulfite treatment or enzymatic conversion. Both approaches
consistently capture the same methylation pattern at this locus, demonstrating concordant CpG methylation detection across sequencing
technologies. Note that due to the opposing chemistry of TAPS+ vs. conventional bisulfite, the color-coding for cytosine conversion status are
reversed between the two tracks due to the TAPS chemistry: ONT Track: Blue indicates unmethylated cytosine; Red indicates methylated cytosine,
Watchmaker TAPS Track: Blue indicates methylated cytosine; Red indicates unmethylated cytosine.

Discussion

The Watchmaker DNA Library Prep Kit with TAPS+ on the AVITI
System generated high-quality methylation data across all

16 cfDNA samples, with consistently high mapping efficiency.
The TAPS+ positive-readout chemistry offers several key
advantages over traditional bisulfite-based approaches:

it preserves native base complexity, reduces false-positive
methylation calls (CHH false-positive rate <0.3%), and could
enable simultaneous detection of genetic variants from the
same library, all without the DNA damage associated with
bisulfite conversion.

A particularly encouraging finding is that tumor scores derived
from the TAPS+ workflow are positively associated with the
level of tumor-derived signal: the higher the tumor content, the
higher the score assigned. Healthy donor samples consistently
received the lowest scores in the cohort, reinforcing the
specificity of Aima’s Al model for tumor-derived methylation
signatures. A single flow cell on the AVITI successfully

accommodated all 16 samples and demonstrates the
scalability of this approach for clinical research settings.

Conclusion

This study demonstrates that the Watchmaker DNA Library
Prep Kit with TAPS+, run on the AVITI platform from Element
Biosciences and analyzed with the nf-core/methylseq
pipeline, delivers comprehensive, high-quality methylation
profiles from plasma cfDNA samples. Tumor scores computed
using Aima’s Al-based ctDNA detection model show strong
concordance with those obtained from ONT long-read
sequencing, validating the quantitative performance of the
approach across multiple cancer indications. The assay
successfully distinguished tumor-bearing samples from
healthy controls, highlighting its potential for methylation-
based liquid biopsy applications. These findings position
the Watchmaker TAPS+ /AVITI workflow as a robust, cost-
effective, and scalable method for epigenomic liquid biopsy
when combined with Aima’s Al-based analysis framework.

Information in this document is provided for research use only and is subject to change without notice.

© 2026 Element Biosciences, Inc. All rights reserved. ABC, Adept, Avidite, Avidite Base Chemistry, Aviti, Aviti24, Aviti Dx, Catalyst, CB Freestyle, Cloudbreak, Cloudbreak Freestyle,
CytoCanvas, CytoCanvas Studio, ElemBio, ElemBio Catalyst, ElemBio Cloud Custom Designer, Element Biosciences, Elevate, Teton, Teton Atlas, Trinity, Trinity Freestyle, UltraQ, and
Vitari are trademarks and/or registered trademarks of Element Biosciences, Inc. in the United States and/or other countries. All other trademarks, service marks, and logos are the
property of their respective owners. Use of third-party marks is for identification purposes only and does not imply endorsement, sponsorship, or affiliation.

Visit elementbiosciences.com for more information.

Methylation-driven tumor scoring from cfDNA using the Watchmaker DNA Library Prep Kit with TAPS+ on the Element AVITI™

For Research Use Only. Not for use in diagnostic procedures. | LT-O0076 Rev. A | June 2026



